I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Meningiomas account for 20%--25% of all tumors of the central nervous system.\[[@ref1][@ref2]\] Hyperostosis is seen in 4.5% of all cases of meningiomas.\[[@ref2][@ref3]\] Bone invasion by tumor cells is a commonly accepted mechanism. We present a rare case of a 28-year-old male who presented to us with bilateral frontal extensive calvarial hyperostosis associated with a unilateral frontal meningioma.

C[ASE]{.smallcaps} R[EPORT]{.smallcaps} {#sec1-2}
=======================================

A 28-year-old male presented to us with progressively increasing frontal bossing since childhood. It was insidious in onset, initially on the left side but progressively increased to involve the other sides. He also complained of headache for past 6 months which was insidious in onset, frontal in location, mild-to-moderate intensity to begin with, increased in intensity, and frequency over the past 2 months. It used to usually occur in early morning and get relieved by vomiting. There was no history of loss of consciousness, seizure, or any other neurological deficits. On examination, the patient had a large frontal protuberance extending from the middle of the forehead up to the vertex. It was asymmetrically more on the left side. Rest of the examination was unremarkable. Computed tomography head \[[Figure 1](#F1){ref-type="fig"}\] done showed contrast-enhancing dural-based lesion in left frontal lobe with perilesional edema suggestive of a meningioma. Overlying frontal bone \[[Figure 2](#F2){ref-type="fig"}\] showed marked hyperostosis with "sunburst appearance." The hyperostosis is seen to cross the midline and extend to the opposite side. He underwent a bifrontal craniotomy (using a bi-coronal scalp flap) and Simpson Grade 1 excision of the meningioma. The pericranium appeared to be infiltrated by the tumor. Craniotomy was made using multiple burr holes. Frontal bone was thick, highly vascular, and was densely adherent to the underlying dura on the left side. Tumor was soft to firm, extra-axial, highly vascular, and suckable suggestive of a meningioma. Simpson Grade 1 excision was done. Duraplasty was done with tensor fascia lata graft. Bifrontal cranial defect was repaired with titanium mesh \[[Figure 3](#F3){ref-type="fig"}\]. The patient had an uneventful postoperative stay and was discharged on postoperative day 10. Histopathologic examination \[[Figure 4](#F4){ref-type="fig"}\] of the tumor revealed sheets and whorls of spindle to meningothelial cells with mild nuclear atypia. Occasional psammoma bodies were observed. The findings were suggestive of Grade 1 meningioma. Both the pericranium and bone were infiltrated by the tumor cells.

![(a and b) Contrast-enhanced computed tomography head showing contrast-enhancing unilateral dural-based extra-axial frontal space-occupying lesion suggestive of meningioma](JNRP-9-639-g001){#F1}

![(a and b) Computed tomography bone cuts showing extensive bilateral calvarial hyperostosis](JNRP-9-639-g002){#F2}

![Postoperative computed tomography (three-dimensional reconstruction) showing repair of cranial defect using titanium mesh](JNRP-9-639-g003){#F3}

![Histopathology examination showing sheets and whorls of tumor cells (meningioma) infiltrating bone (arrow)](JNRP-9-639-g004){#F4}

D[ISCUSSION]{.smallcaps} {#sec1-3}
========================

Meningiomas account for about 20%--25% of all central nervous system tumors.\[[@ref1][@ref2]\] They are usually slow growing and can insidiously attain a large size before producing clinical symptoms. Associated calvarial hyperostosis is seen in 4.5% of cases of meningiomas.\[[@ref2][@ref3]\] En plaque meningiomas are associated with a higher incidence of hyperostosis, reported between 13% and 49%.\[[@ref4]\] Primary intraosseous meningioma is associated with hyperostosis in 60% of cases.\[[@ref3][@ref4]\] The histological type of meningioma does not seem to relate to extent or incidence of hyperostosis.\[[@ref2]\]

Etiology of associated hyperostosis in meningioma is controversial. Whether it is due to direct infiltration of bone by the tumor cells or due to secondary changes in the bone induced by the tumor is a point of debate.\[[@ref2][@ref3][@ref5]\] Histological demonstration of infiltration of bone by tumor cells has been demonstrated by various authors and is the commonly accepted mechanism.\[[@ref2][@ref4]\] In our case too, tumor cells were found to infiltrate the bone as well as overlying pericranium.

Usually, calvarial hyperostosis is smaller than the associated meningioma, but in our case, large bifrontal calvarial hyperostosis was associated with a relatively small left frontal convexity meningioma which raises doubts over the "infiltration theory." Other proposed alternative mechanisms which may play a role are preceding trauma, irritation of the bone by the tumor without actual invasion, stimulation of osteoblasts by factors secreted by tumor cells, production of bone by tumor itself, and vascular changes caused by the tumor.\[[@ref5]\]

In 1934, Echlin proposed an association between hyperostosis and direct infiltration of the bone by tumor cells which has been seconded by various authors since then.\[[@ref6]\] Pieper *et al*. demonstrated on histology that hyperostosis in tumors of cranial base is a result of direct tumor invasion.\[[@ref1]\] However, it must be borne in mind; hyperostosis is not always associated with tumor invasion. According to Pei *et al*., increased expression of matrix metalloproteinases (MMP)-13 and membrane Type 1 MMP may contribute to hyperostosis.\[[@ref5]\]

Bilateral extensive frontal bone hyperostosis in such case is a surgical challenge. Wide excision of the involved bone must be done to reduce the incidence of recurrence. In our case, extensive removal of involved bone was done. Preoperative embolization may be done to reduce the vascularity of the bone and the tumor. The cranial defect may be repaired by artificial bone cement or a titanium mesh.

C[ONCLUSION]{.smallcaps} {#sec1-4}
========================

Hyperostosis is commonly associated with meningiomas. Exact mechanism is not known, but invasion of bone by the tumor cells is the most likely cause. In some cases, extensive hyperostosis may be associated with a small intracranial tumor. Wide resection of the bone must be done in such cases to reduce recurrence.
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